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Background: Understanding the aging process of the midface skeleton is 
considered crucial for correct facial rejuvenation. However, the canine fossa, 
an important morphological feature of the midface skeleton, has not yet been 
observed in connection with aging, despite the fact that it is the most main part 
of the maxillary bone. Here, the authors focus on the depression of the canine 
fossa to evaluate the Asian midface skeleton.
Materials and methods: Computed tomography (CT) scans of the facial skeleton 
of 114 Koreans (59 males and 55 females) were reconstructed to three-dimensional 
(3D) images using a 3D analysis software programme. The study subjects inclu-
ded 27 young males, 32 old males, 28 young females and 27 old females. The 
angular measurements of three bony regions were measured for each 3D model: 
the canine fossa angle (assessing depth of the canine fossa), the maxillary angle 
(assessing orientation of the lateral maxilla) and the piriform angle (assessing 
orientation of the medial maxilla).
Results: The canine fossa angle showed a statistically significant decrease with 
aging in both sexes, indicating the canine fossa actually becomes more concave 
with age. In contrast, the maxillary and piriform angle showed statistically insig-
nificant changes with aging in female subjects.
Conclusions: These results suggest that the canine fossa may be one of the 
effective markers to evaluate the anatomical changes to the facial skeleton with 
midface aging. (Folia Morphol 2017; 76, 4: 730–735)
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INTRODUCTION
The aging process of face can be summarised into 
two distinct features: gravitational sagging and vol-
ume loss. Within this notion, numerous manoeuvres 
are being developed to regain the youthfulness of the 
face, whether to lift the face up with various lifting 
procedures, or to restore its volume in a 3-dimension-
al (3D) manner. Cosmetic surgeons understand that 
the mechanism of facial aging is a complex process 
and involves various anatomical layers of face, from 
epidermal atrophy producing folds to bone desorp-
tion resulting in the multi-faceted contours of an 
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aged face. Among the various treatment modalities, 
mid-face volume enhancement is regarded as one 
of the most powerful tools to restore youthfulness 
to the face, as the midface skeleton undergoes the 
most dramatic changes with aging. From an osteo-
logical point of view, the mid-facial bones, which are 
the thinnest part in the human skull [17], might be 
vulnerable to bone desorption with aging.
The aging process of the bone, also known as 
bone remodelling, occurs throughout the lifetime 
of every human being [12, 19]. This metabolism is 
caused by bone resorption and the formation to 
balance homeostasis. The activity of the bone re-
modelling process increases bone volume during the 
growth period, and later decreases, resulting in loss 
of bone volume with aging. The facial skeleton also 
undergoes bone resorption after the growth period.
The canine fossa underlies the nasolabial fold, 
which is one of the main characteristics of interpret-
ing faces; furthermore, it is the most unique marker of 
aging faces. We speculate that the canine fossa would 
exhibit changes with age following an identical pat-
tern to other parts of the facial skeleton. However, the 
canine fossa was excluded from the measurement list 
of previous investigations to assess midface skeleton 
aging. In this study, we focused on changes to the 
canine fossa in relation to midface aging. Lambros 
suggested that the facial skeleton continued remodel-
ling in a clockwise rotation of the midface with aging 
of Caucasian. Moreover, Lambros’s theory has been 
underpinned by Pessa [13], and further confirmed by 
Shaw and Kahn [17]. In spite of this, the mechanism 
of facial skeletal aging has not yet been fully clarified 
in Asians. 
The present study was performed to evaluate the 
aging process of the Asian midface skeleton in detail.
MATERIALS AND METHODS
Data was collected from computed tomography 
(CT) scans of the facial skeleton, at a slice width 
of 0.60 mm using a 64-channel multidetector CT 
(SOMATOM Sensation 64, Siemens, Forchheim, Germa- 
ny). CT scans were reconstructed to 3D images using 
the 3D analysis software programme called MimicsTM 
(Materialise NV, and Belgium). Subjects who exhibited 
any signs of previous facial fractures and craniofacial 
deformities were excluded [14].
A total of 114 Koreans (59 males and 55 females) 
were enrolled in this study, all of whom reside in 
South Korea. Demographic data were further ana-
lysed for the 114 subjects according to their sex and 
age: 27 young males (22–35 years), 32 old males 
(60–80 years), 28 young females (21–35 years), and 
27 old females (60–83 years). This study was ap-
proved by the IRB of Chung-Ang University (IRB No: 
1041078-201411-HR-185-01).
In order to evaluate the angular changes with ag-
ing, angular measurements of three bony regions (the 
canine fossa, maxilla and piriform aperture) were made 
using a method based on 3D vector mathematics. 
A line from the sella to the nasion was taken as 
a reference. The measurement points of the maxilla 
and piriform aperture were selected in accordance with 
Pessa’s work [13] in order to allow for a comparison 
with other population groups, especially Caucasians. 
The canine fossa could be defined as a bony depression 
on the anterior maxillary surface below the infraorbital 
foramen, which resides on the lateral side of the canine 
eminence, also known as the maxillary fossa.
All measurements were taken in degrees. Meas-
urements were conducted on the left side. The ca-
nine fossa angle was defined as an angle formed 
by a line traversing the uppermost joint point at 
the zygomaxillary suture to the maximum maxillary 
curvature (deepest point between the upper alveo-
lar process and zygomaxillary suture) [2] and a line 
formed by sella-nasion line. Changes to the maxillary 
angle (superior to inferior maxilla at the joint of the 
inferior maxillary wing and alveolar arch) and the 
piriform angle (from the nasal bone to the lateral 
inferior piriform aperture) were measured according 
to Pessa’s work (Fig. 1).
Statistical analysis
All measurements were obtained using an identi-
cal software programme, MimicsTM, in degrees. This 
programme creates and edits the measurement points 
and planes. Data was analysed with a Student’s t-test 
to identify any trends between young and old groups 
using SPSS version 21.0 (IBM SPSS Inc., Chicago, IL, 
USA), with a value of p < 0.05 considered statistically 
significant. The intraclass correlation coefficient was 
used to examine the intraobserver reproducibility of 
measurement scale (at a confidence level of 95%).
RESULTS
The mean age in the young group was 27.3 years 
for male subjects and 28.2 years for female subjects. 
In the old group, the mean age was 64.9 years for the 
male subjects and 66.2 years for the female subjects 
732
Folia Morphol., 2017, Vol. 76, No. 4
(Table 1). The results of the three angular measure-
ments are shown in Table 2 and Figure 2.
Canine fossa angle
The canine fossa angle showed a marked change 
with aging. There were statistically significant changes 
in both male (56.6° young vs. 53.3° old, p = 0.0050) 
and female (54.7° young vs. 50.6° old, p = 0.0010) 
subjects. The mean canine fossa angles in the male 
and female subjects were decreased by 3.3° and 4.1° 
with aging, respectively.
Maxillary angle
The mean maxillary angle in the male subjects 
was significantly decreased by 2.9° with aging (53.9° 
young vs. 51.0° old, p = 0.0176). In the female 
Table 1. Average age by sex in each age category
Age Young Old
Male (n = 27) Female (n = 28) Male (n = 32) Female (n = 27)
Mean ± SD 27.3 ± 4.0 28.2 ± 4.4 64.9 ± 4.3 66.2 ± 5.0
Range 22–35 21–35 60–80 60–83
SD — standard deviation
Figure 1. A. Sample of 3-dimensional computed tomography of a younger male subject with the three angular measurements applied;  
B. Picture depicting the reference points of the canine fossa. The arrow indicates the deepest point between the upper alveolar process  
and zygomaxillary suture; zo — zygoorbitale.
A B
Table 2. Angular measurement of three facial areas by sex
Measurement Age category Difference P Intraclass correlation coefficients  
(95% confidence interval)#Young Old
Canine fossa angle (°)
Male 56.6 ± 3.9 53.3 ± 4.2 3.29 0.0050† 0.990
Female 54.7 ± 4.0 50.6 ± 4.5 4.17 0.0010† 0.987
Maxillary angle (°)
Male 53.9 ± 3.3 51.0 ± 4.6 2.99 0.0176† 0.990
Female 52.8 ± 4.5 50.6 ± 4.3 2.15 0.0860 0.988
Piriform angle (°)
Male 59.6 ± 4.9 56.3 ± 3.6 3.30 0.0075† 0.975
Female 59.8 ± 4.5 58.1 ± 5.3 1.69 0.2160 0.973
Mean measurements shown in degrees ± standard deviation; †Statistically significant change (p < 0.05); #The intraclass correlation coefficients of the repeated measurements  
(at a confidence level of 95%).
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subjects, the mean maxillary angle was decreased by 
2.2° with aging, but it was not statistically significant 
(52.8° young vs. 50.6° old).
Piriform angle
The mean angle in the male subjects was signifi-
cantly decreased by 3.3° with aging (59.6° young vs. 
56.3° old, p = 0.0075). In the female subjects, the 
change with aging was not statistically significant 
(59.8° young vs. 58.1° old).
DISCUSSION
The maxillary angle, which has been suggested as 
an indicator for mid skeletal aging in previous studies, 
may incompletely interpret the degree of mid skeletal 
aging, as it designates a reference point close to the zy-
gomatic bone. To overcome this inaccuracy, the canine 
fossa was measured in this study as the fundamental 
part of the maxillary bone and the deepest part in the 
midface skeleton. Our results confirmed that the ca-
nine fossa becomes more concave with increasing age.
Previous studies have supported Lambros’s theory, 
which described the facial changes with age of the 
midface skeleton on the right side aspect as a clock-
wise rotation of the maxilla relative to the cranial base 
[4, 9, 13, 15, 17, 18]. Pessa in 2000 [13], studied how 
the midface skeleton changes with increasing age in 
the young and old groups. These measurements were 
taken from 3D stereolithographic images from 12 
male subjects. Pessa [13] reported noticeable changes 
in the maxilla and piriform angles with increasing age, 
and the mean values of the differences were 13.8° 
and 10.7°, respectively. Shaw and Kahn, in 2007 [17], 
also studied the changes of the midface skeleton 
using 3D tomography. They similarly noted a signifi-
cant decrease in the maxillary angle when comparing 
young and old age groups, but no noticeable change 
in the piriform angle was observed. Another study, by 
Shaw et al. in 2011 [18], was performed on a larger 
scale of 120 Caucasian subjects. The decrease in the 
maxillary angle exhibited a similar pattern to their 
study in 2007. Mendelson et al. [8] confirmed the 
reduction of the maxillary angle with aging. Com-
pared with the above-mentioned previous studies, 
our data exhibited a far lower decrement of angle 
of 2.9° between younger and older male subjects. 
This significant difference of decrement could be 
explained by different morphology between Asian 
and Caucasian skulls. Asians tend to possess a higher 
arched zygomatic bone [5, 11]. This implies that the 
maxillary angle would not only reflect the degree of 
midface skeletal resorption, but also the degree of 
zygoma desorption.
In this study, the piriform aperture showed statisti-
cally insignificant change with aging only in female 
subjects, exhibiting discrepancy with the results of 
Shaw and Kahn [17], concluding that the piriform 
angle showed statistically insignificant change in both 
sexes. This discrepancy might be explained by diverse 
morphologic features of the nasal bone among hu-
man beings [3, 6], which led to bias in interpreting 
the midface skeleton aging. The diverse pattern of the 
nasal bone might further explain the discrepancy of 
between the results of Shaw and Kahn [17] and those 
of Pessa [13] in Caucasian groups, concluding that 
the piriform angle showed marked reduction of the 
piriform angle. In conclusion, our study might infer 
that the piriform angle might not be a useful marker 
to evaluate midface skeleton aging.
When evaluating midface skeleton aging, various 
factors must be considered: ethnic differences of 
the facial skeleton and selection of right reference 
points to avoid possible biases induced by differ-
ent individual morphological characteristics. Several 
Figure 2. Column graphs illustrating the three angular measurements. A. Canine fossa angle; B. Maxillary angle; C. Pyriform angle. Statisti-
cally significant decreases were observed in the canine fossa angle with aging for both sexes. Maxillary and piriform angle showed statisti-
cally insignificant changes in female subjects; *p < 0.05.
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studies indicate that there are significant differences 
between Asian skulls and Caucasian skulls [1, 10]. 
Moreover, racial differences of bone thickness and 
density may affect discrepancy of the results in de-
signing a study [16].
Kim et al. [4] reported that the maxillary angle in 
both sexes and the piriform angle in females showed 
a significant decrease with aging. They suggested that 
any facial skeleton changes in Asians showed clock-
wise rotation around the orbit with aging, which co-
incided with previous studies. In contrast, our present 
study found that Asian facial skeletons do not follow 
the typical aging patterns proposed by Lambros. The 
canine fossa angle was the only decreasing angle in 
both sexes among three angular measurements as 
age increases. The decrease of the maxillary angle 
showed minimal changes, compared to that of Cau-
casians [8, 13, 15, 17, 18].
Compared with the study conducted by Kim et al. 
[4] on an Asian population, the results of our study 
have revealed a different pattern in midface skeleton 
aging. This discrepancy may be explained by the dif-
ferent methodological approach utilised in our study. 
Kim et al. [4] measured the angles on CT images and 
calculated measurements using 3D vectors, while in 
our study, 3D analysis was undertaken, the method 
which was selected by Shaw and Kahn [17]. The dif-
ference in measurement method utilised may have 
influenced the results.
Our present study demonstrated that the canine 
fossa changed with aging in older groups (Fig. 3), 
regardless of sex, compared with changes of the 
maxilla and piriform aperture. Moreover, it showed 
meaningful changes in both sexes (Table 2, Fig. 2). 
However, previous studies focused on the maxilla as 
the key player in midface aging [4, 8, 9, 15, 17, 18]. 
The canine fossa is an unfamiliar marker in midface 
skeletal aging. Lee et al. [7] utilised the degree of con-
cavity of the canine fossa to merely classify morpho-
logical characters of the infraorbital foramen, which 
had no relevance with aging. To our knowledge, this 
study is the first attempt to utilise the canine fossa 
as a marker for midface skeleton aging. The canine 
fossa may be a suitable candidate in midface aging 
as numerous facial muscles and fat pads overlies the 
canine fossa, of which its retrusion may contribute 
to an aging face. Evaluating and comparing the ca-
nine fossa might be a valuable marker to elucidate 
the degree of maxillary retrusion in terms of aging 
than conventional measurement points, such as the 
maxillary angle. We suggest the canine fossa as one 
of the most effective markers to evaluate anatomical 
changes in the facial skeleton with midface aging. 
To improve accuracy, all the measuring points 
were designed based on 3D vector mathematics. 
We reconstructed whole facial CT data into 3D im-
ages to reduce the ambiguity of the measuring on 
cross-sectional images. Interestingly, the depth of the 
Figure 3. A 3-dimensional reconstruction of the canine fossa of a young female subject (A) and an old female subject (B). A marked retrusion 
was observed in the canine fossa with aging.
A B
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canine fossa exhibited individual variation. Further 
studies are required to classify the degree of concavity 
of the canine fossa with aging.
Numerous factors, such as individual, environ-
mental, or biological factors, may affect the aging 
process of the facial skeleton, regardless of race. 
To fulfil the goal of rejuvenating Asian patients, ap-
propriate individualisation strategies must be estab-
lished. Individualised treatment strategies could only 
be produced by understanding these racial aging 
differences and anatomical variations between races. 
It is imperative to recognise and compare different 
physical appearances between Asians and Caucasians, 
which may further individualize and establish optimal 
treatment strategies for the best outcomes in the 
facial cosmetic field.
CONCLUSIONS
These results suggest that the canine fossa may be 
one of the effective markers to evaluate the anatomi-
cal changes to the facial skeleton with midface aging.
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